AD-A175  459 


CHEMICAL 
RESEARCH. 
DEVELOPMENT  & 
ENGINEERING 
CENTER 


CRDEC-TR-87006 


UNCOMPETITIVE  INHIBITION  OF  YEAST 
ALCOHOL  DEHYDROGENASE  BY 
DIACETOXYSCIRPENOL 


by  Homer  R.  Yeh,  Ph.  D. 

RESEARCH  DIRECTORATE 


October  1 986 


TO 


DEC  2  9  1986  ; 


U.S.  ARMY  VJm  E= 
ARMAMENT 
MUNITIONS 
CHEMICAL  COMMAND 


Aberdeen  Proving  Ground,  Maryland  21010-5423 


5 


Disclaimer 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other  authorizing 
documents. 


Distribution  Statement 


Approved  for  public  release;  distribution  is  unlimited. 


mam  wmm  msws  9mm  vmx&  m 


la  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2a  SECURITY  CLASSIFICATION  AUTHORITY 


2b  OECLASSIFICATION  /  DOWNGRADIN 


4  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

CRDEC-TR-87006 


6a  NAME  OF  PERFORMING  ORGANIZATION 

CRDEC 


6c.  ADDRESS  (G'ty,  State,  and  ZIP  Code) 

Aberdeen  Proving  Ground,  MD  21010-5423 


Ad Ans 


REPORT  DOCUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


3  DISTRIBUTION  /AVAILABILITY  OF  REPORT 

Approved  for  public  release;  distribution 
is  unlimited. 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


7a.  NAME  OF  MONITORING  ORGANIZATION 


7b.  ADDRESS  (City,  State,  and  ZIP  Code) 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

CRDEC 


8c.  ADDRESS  (City,  State,  and  ZIP  Code) 


8b.  OFFICE  SYMBOL  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable) 

SMCCR-RSB 


Aberdeen  Proving  Ground,  MD  21010-5423 


11  TITLE  (Include  Security  Classification) 


10  SOURCE  OF  FUNDING  NUMBERS 


PROJECT  TASK  l 

NO  NO  J 

1L161102  A71A 


PROGRAM  |  PROJECT 
ELEMENT  NO.  I  NO 


Uncompetitive  Inhibition  of  Yeast  Alcohol  Dehydrogenase  by  Diacetoxyscirpenol 


12  PERSONAL  AUTHOR(S) 

Yeh,  Homer  R. ,  Ph.D. 


14  DATE  OF  REPORT  (Year,  Month,  Day)  Il5.  PAGE  COUNT 

1986  October  I  15 


COSATI  COOES 


GROUP  I  SUB-GROUP 


18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Uncompetitive  inhibition 
Diacetoxyscirpenol 

1  dehydrogenase 


’*»  abstract  (Continue  on  reverse  if  necessary  and  identify  by  block  number)  . ..  1 

A  yeast  alcohol  dehydrogenase  (YADH)-fusarium  X  comtfiek  was  reporjfed  M^o  have  a  molecular 
ratio  of  1:4.  The  kinetics  of  the  inhibitory  effects/of  diacetoxyscirpam)l  (ADS)  on  YADH 
are  presented  here.  Our  kinetic  data  indicate  that,  at  fixed  levels  of  At>§^  a  series  of 
parallel  Lineweaver-Burk  plots  were  obtained  as  concentrations  of  either  eth&npl  or  NAD 
varied.  In  the  presence  of M  of  ADS  there  was  approximately  a  6-foTd  decrease 
in  Kfn.EtOH  and  Vmax  values.  The  respective  Km,Et0H  and  Vmax  values  decreased  abou^  15- 
to  13-fold  when  ADS  levels  were  increased  to  M.  In  the  presence  of  2.1  x  10-? 

M  of  the  inhibitor,  Km,  NAD  and  the  corresponding Vmax  values  decreased  2-  to  3-fold, 
respectively,  while  in  the  presence  of  '5 x  10*j  M  of  ADS,  the  corresponding  kinetic  con¬ 
stants  reduced  about  5-fold.  These  results  indicate  that  ADS  is  either  an  uncompetitive 
or  a  mixed-type  inhibitor  with  respect  to  either  ethanol  or  NAD.  However,  replots  of 
1//vmax  and  1/K^,app  versus  inhibitor  concentrations  gave  linear  curves,  which  indicates  a 
_  (Continued  on  reverse) 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 

CSuNCLASSIFIEO/UNUMITED  □  SAME  AS  RPT.  □  OTIC  USERS 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL  |22b  TELEPHONE  (Include  Area  Code)  22c.  OFFICE  SYMBOL 

TIMOTHY  E.  HAMPTON  (301)  671-2914  SMCCR-SPS-T 


OO  FORM  1473, 84  MAR  83  APR  edition  may  be  used  until  exhausted.  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

All other editions ara obsolete. 

i  UNCLASSIFIED 

I 


21.  ABSTRACT  SECURITY  CLASSIFICATION 


UNCLASSIFIED 


UNCLASSIFIED _  / 

security  classification  of  tnm'Waoi 


<0  01 


>ure  uncoiraetitive  inhibition  with  respect  to  both  ethanol  and  NAD.  As  estimated  from  the 
replats.Jfc  EtOH  an d  'Ki.NAD  values  of  ADS  were  found  to  be  in  the  range  of  4  X  10-4  M  and 
M,  respectively.  The  results  suggest  the  formation  of  dead-end  complexes  of 
E-I-substrate  and  E-I-cofactor^. 


SECURITY  CLASSIFICATION  OF  THIS  PACE 


PREFACE 


The  work  described  in  this  report  was  authorized  under  Project 
No.  1L161102A71A,  Research  in  Chemical  &  Biological  Defense,  Biotechnology. 

This  work  was  started  in  December  1984  and  completed  in  April  1985.  The 
experimental  data  are  recorded  in  laboratory  notebook  84-0108. 

The  use  of  trade  names  or  manufacturers'  names  in  this  report  does  not 
constitute  an  official  endorsement  of  any  commercial  products.  This  report  may 
not  be  cited  for  purposes  of  advertisement. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited  except 
with  permission  of  the  Commander,  U.S.  Army  Chemical  Research,  Development 
and  Engineering  Center,  ATTN:  SMCCR-SPS-T,  Aberdeen  Proving  Ground,  Maryland 
21010-5423.  However,  the  Defense  Technical  Information  Center  and  the  National 
Technical  Information  Service  are  authorized  to  reproduce  the  document  for  U.S. 
Government  purposes. 

This  report  has  been  approved  for  release  to  the  public. 

Acknowledgment 

The  author  wishes  to  thank  Cecilia  B.  Doughty  for  her  careful  editing 
of  this  report. 


^Accession  J 

NTIS  ORA&I 
DTIC  TAB 
Unannounced 
!  Juftif icati 

for 

& 

□ 

n~~ 

- —  — 

j  rv 

i  Distribution/ 

i  Avai lab  11  u7  Codes 

Diet 

■Avan 

Spec 

and/or 

lal 

3 


CONTENTS 


1.  INTRODUCTION  .  7 

2.  MATERIALS  AND  METHODS  .  / 

3.  RESULTS . 8 


3.1 


3.2 


Effect  of  ADS  on  and  Vmax  Values  as  EtOH  Concentrations 
Varied  . 


Effect  of  ADS  on  1C  and  V 
Varied  . 


max 


Values  as  NAD  Concentrations 


8 

8 


4.  DISCUSSION 


14 


LITERATURE  CITED 


18 


5 


UNCOMPETITIVE  INHIBITION  OF  YEAST  ALCOHOL  DEHYDROGENASE 
BY  DIACETOXYSCIRPENOL 


1.  INTRODUCTION 

Epoxytrichothecenes  are  the  major  components  of  the  Fusarium  myco- 
toxin^  identified  as  the  causative  agents  for  the  epidemic  outbreak  of  the 
alimentary  toxic  aleukia  during  the  war  years  of  1941-1945  involving  the 
districts  of  western  Siberia  of  the  USSR. 3  However,  Fusarium  mycotoxicosis  is 
not  a  regional  disease.  It  has  been  a  world-wide  health  problem  associated 
with  the  consumption  of  foodstuffs  heavily  contaminated  with  toxic  fungi. 1.2, 3 

The  primary  mechanism  of  the  biological  activity  of  trichothecenes 
was  considered  to  be  the  disruption  of  protein  synthesis. 4  The  effect  of  tri¬ 
chothecenes  on  nucleic  acid  synthesis  may  be  secondary  to  the  inhibition  of 
protein  synthesis.5 

It  is  possible  that  trichothecenes  do  not  require  metabolic  activa¬ 
tion  to  exert  biological  effects,  but  it  is  known  that  the  epoxy  ring  of 
trichothecenes  is  essential  for  biological  activity.5  The  hydrolytic  or  reduc¬ 
tive  opening  of  the  12,13-epoxy  ring  eliminates  the  cytotoxicity  of  the  epoxy¬ 
trichothecenes  .7  The  epoxy  ring  can  also  spontaneously  interact  with  the  thiol 
groups  of  a  variety  of  SH-containing  enzymes,  resulting  in  inhibition  of  the 
enzyme  activity.  Ueno  and  Matsumoto8  reported  the  isolation  of  a  molecular 
complex  by  interaction  of  3H-Fusarenon-X  with  yeast  alcohol  dehydrogenase 
(YADH).  The  Fusarium  X-YADH  complex  was  isolated  and  reported  to  contain 
four  molecules  of  bound  toxin  per  mole  of  enzyme.  This  finding  agrees  well 
with  the  fact  that  YADH  contains  four  reactive  SH-groups  per  enzyme  molecule.9 
However,  the  kinetic  behavior  of  epoxytrichothecenes  on  these  thiol-containing 
enzymes  is  still  largely  unknown.  Here  we  report  the  results  of  our  study  on 
the  kinetics  and  mechanism  of  the  inhibitory  effect  of  diacetoxysci rpenol  (ADS) 
on  the  YADH  reaction. 

2.  MATERIALS  AND  METHODS 

The  oxidized  form  of  nicotinamide  adenine  dinucleotide  (NAD),  YADH, 
and  ADS  were  obtained  from  Sigma  Chemical  Co.,  St.  Louis,  MO.  All  other 
chemicals  and  reagents  were  reagent  grade  or  the  highest  purity  and  were  used 
without  further  purification.  When  ethanol  (EtOH)  concentrations  were  varied, 
YADH  reaction  mixtures  contained  1.3  x  10*4  M  of  NAD,  and  from  1.18  x  10*2  to 
3.0  x  10-2  M  of  EtOH,  in  the  presence  and  in  the  absence  of  2.1  x  10*3  M  or 
5.2  x  10-3  of  ADS.  When  NAD  concentrations  were  varied,  EtOH  concentrations 
were  fixed  at  3.0  x  10-2  m,  and  NAD  concentrations  were  varied  from  5.6  x 
10-6  to  1  3  x  10-5  M,  in  the  presence  and  in  the  absence  of  2.1  x  10-3  m 
or  5.2  x  10-2  M  of  IDS. 

All  reaction  mixtures  were  prepared  in  0.1  M  of  Na2HP04  buffer, 
pH  7.4,  in  a  total  volume  of  1.15  ml  per  cuvette.  ADT  was  initially  dissolved 
in  0.05  ml  of  dimethyl  sulfoxide  (DMS0)  and  an  equivalent  amount  of  DMS0  was 
also  present  in  all  control  reaction  mixtures  to  compensate  for  the  DMS0  solvent 
effect.  Enzyme  reaction  was  initiated  by  addition  of  6  pg  of  YADH  per 
cuvette  and  followed  at  340  nm  in  a  Cary  210  spectrophotometer  maintained  at 
25  °C. 


3. 


RESULTS 


3.1  Effect  of  ADS  on  Km  and  Vmax  Values  as  EtOH  Concentrations  Varied. 


Figure  1  shows  the  effect  of  ADS  concentrations  on  the  Lineweaver- 
BurklO  plots  of  the  activity  vs  ethanol  concentration  assays.  The  corresponding 
kinetic  constants,  as  calculated  from  the  same  data  shown  in  Figure  1,  are 
listed  in  Table  1.  As  a  result  of  the  ADS  inhibitory  effect,  a  series  of 
linear,  parallel,  double  reciprocal  plots  were  obtained.  The  data  indicate 
that,  in  the  presence  of  2.1  x  10-3  m  of  ADS,  there  was  approximately  a  6-fold 
decrease  in  8^,  and  Vmax  values  of  the  enzyme  reaction  as  substrate  concen¬ 
trations  varied.  When  ADS  concentrations  were  increased  to  5.2  x  10-3  m,  the 
respective  Km,EtOH  and  Vmax  values  decreased  about  15-  to  13- fold.  These  obser¬ 
vations  may  indicate  that  ADS  is  either  an  uncompetitive  or  a  mixed  type  inhibi¬ 
tor  with  respect  to  ethanol,  since  the  presence  of  ADS  decreased  both  Km^tOH 
and  the  corresponding  Vmax  values  to  about  the  same  extent. ^  However,  replots 
of  1/Vmax  and  1/Km.app  versus  inhibitor  concentrations  gave  linear  curves 
(Figure  2A  and  B).’  Tne  replots  will  be  nonlinear  if  ADS  is  a  mixed  type  inhi¬ 
bitor.  11  This  clearly  indicates  that  ADS  is  a  pure  uncompetitive  inhibitor 
with  respect  to  the  substrate,  EtOH.**  As  evaluated  from  the  replots,  the 
value  of  the  ADS  inhibitory  effect  was  found  to  be  in  the  range  of  4  x  10“^  M.’ 

3.2  Effect  of  ADS  on  Km  and  Vlnax  Values  as  NAD  Concentrations  Varied. 

Figure  3  shows  the  effect  of  ADS  concentrations  on  K^nAD  and  the 
corresponding  Vmax  values  as  NAD  concentrations  varied.  As  a  result,  a  series 
of  linear,  parallel  Lineweaver-Burk  plots  was  obtained.  The  corresponding  ki¬ 
netic  constants  are  listed  in  Table  2.  As  can  be  seen,  in  the  presence  of  2.1  x 
10“3  M  of  ADS,  the  8^  NAD  and  the  corresponding  V  values  decreased  about  2- 
to  3- fold,  respectively ;  whereas,  in  the  presence  of  5.2  x  10*3  M  of  ADS,  the 
corresponding  kinetic  constants  decreased  about  5-fold.  Similar  to  what  was 
observed  for  ethanol,  when  NAD  concentrations  were  varied,  the  inhibitory  effect 
of  ADS  resulted  in  the  reduction  of  the  K^nad  ancl  the  corresponding  Vmax  values 
of  the  enzyme  reaction  to  about  the  same  ex’tent.  This  may  also  indicate  that 
ADS  is  either  an  uncompetitive  or  a  mixed  type  inhibitor  with  respect  to  NAD.ll 
The  linear  1/Vmax  and  1/ ^ ,a pp  versus  ADS  concentration  replots  (Figure  4A  and 
B)  confirm  that  ADS  is  also  an  uncompetitive  inhibitor  with  respect  to  NAD 
under  the  experimental  conditions  employed  here.ll  As  estimated  from  the 
replots,  Ki  nad  of  the  ADS  inhibitory  effect  was  found  to  be  in  the  range  of 
1.8  x  10-3  fl.n 

The  uncompetitive  inhibition  of  YADH  reaction  by  ADS  with  respect  to 
both  the  substrate  and  cofactor  indicates  the  possibility  of  formation  of  the 
dead-end  ternary  complexes  of  E-EtOH-ADS  and  E-NAD-ADS.ll 


-.4  -.2  0  0.2  0.4  0.8  0.8 


1/EtOH  (lO3!*-1) 


Figure  1.  Effect  of  Diacetoxysci rpenol  (ADS)  on  Km  and  Vmax  of  YADH  Oxidation 
of  EtOH. 

The  reaction  mixtures  contained  1.3  x  10”4  M  of  NAD,  from  1.2  x  10-2  to  3.0  x 
10-3  m  of  ethanol,  and  0.1  M  of  sodium  phosphate  buffer,  pH  7.4,  in  a  total 
volume  of  1.15  ml  per  cuvetTe.  Curve  1  was  obtained  in  the  absence  of  ADS,  and 
Curves  3  and  4  were  obtained  in  the  presence  of  2.1  x  10-3  m  and  5.2  x  10-3  m 
of  ADS,  respectively.  Reaction  was  initiated  by  addition  oT  6  ug  of  YADH 
and  followed  at  340  nm  in  a  Cary  210  spectrophotometer. 
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Table  1.  Effect  of  Diacetoxyscirpenol  on  Kinetic  Constants 
of  Ethanol  Oxidation  by  YADH 


DIACETOXYSCIRPENOL  K 
CONCENTRATIONS  m  »Et0H 


(x  10"3  M) 


max 


(x  10  °  M)  (OD/MIN) 


40.0 


0.33 


0.058 


gure  1. 


0.025 


5.2  x  10-3  M  ADS 


Figure  2. 


Effect  of  Diacetoxyscirpenol  (ADS)  on  and  Vmax  Reduction 

of  NAD. 


The  reaction  mixtures  contained  3.0  x  10-2  M  of  EtOH,  from  5.6  x  10-6  to  1.3  x 
10-5  m  of  NAD,  and  0.1  M  of  sodium  phosphate  buffer,  pH  7.4,  in  a  total  volume 
of  1  T5  ml  per  cuvette.”  Curve  1  was  obtained  in  the  absence  of  ADS,  and  Curves 
2  aid  3  Here  Obtained  in  the  presence  of  2.1  x  10-3  M  and  5.2  x  10-3  H  of  AOS. 
respectively.  Reaction  was  initiated  by  addition  or  6  ug  of  YADH  and 
followed  at  340  nm  in  a  Cary  210  spectrophotometer . 
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Table  2.  Effect  of  Diacetoxyscirpenol  on  Kinetic  Constants 
of  NAD  Reduction  by  YADH 

DIACETOXYSCIRPENOL 

Km,NAD 

CONCENTRATIONS 

y 

max 

(x  10“3  M) 

(x  1 0-3  M) 

(OD/MIN) 

4.  DISCUSSION 


In  steady-state  kinetics,  uncompetitive  inhibition  may  be  described 
by  the  following  equi 1 i bria . 1 1 


E  +  S 


‘s 


K, 


:  ES 

+ 

S 

*11 

ESI 


E  +  P 


The  equilibria  indicate  that,  at  any  inhibitor  concentration,  an  infinitely 
high  substrate  or  cofactor  concentration  will  not  drive  all  of  the  enzyme  to 
the  active  enzyme  substrate  (ES)  form.  In  other  words,  some  nonproductive 
dead-end  enzyme  substrate  inhibitor  (ESI)  product  will  always  be  present.  In 
consequence,  the  presence  of  ADS  in  the  enzyme  reaction  mixtures  decreases 
both  Km  and  Vmax  values  of  the  YADH  system  to  about  the  same  extent  because  of 
the  formation  of  the  dead-end  E-ADS-EtOH  and  E-ADS-NAD  complexes  that  remove 
some  active  ES  from  reaction.! 1  On  the  other  hand,  the  equilibria  also  indicate 
that  ADS,  as  an  uncompetitive  inhibitor,  can  bind  to  YADH  only  after  the  sub¬ 
strate  or  cofactor  binds. H  This  appears  to  contradict  the  observation  that 
epoxytrichothecenes  can  generate  covalently  linked  YADH-ADS  complexes  with 
thiol -containing  enzymes. 8  The  protective  effect  of  both  the  substrate  and  co¬ 
factor  against  the  direct  binding  of  ADS  with  YADH  may  explain  the  compulsorily 
ordered  binding  mechanism  of  the  ADS  inhibitory  reaction  as  described  in  the 
above  equilibria.ll  The  uncompetitive  reaction  mechanism  indicates  that  ADS 
inhibits  because  of  its  effect  on  the  Vmax  of  the  YADH  reaction.  ADS  is  actually 
an  activator  with  respect  to  Km  values  of  either  ethanol  or  NAD.  On  the  other 
hand,  the  present  studies  were  carried  out  in  the  presence  of  relatively  high 
concentrations  of  EtOH  and  NAD.  If  either  substrate  or  cofactor  concentration 
is  low  enough,  the  effect  of  ADS  on  Vmax  may  be  cancelled  by  its  effect  on  1^, 
and  little  or  no  inhibition  will  be  observed.  1!  Since  ADS  can  form  the  dead-end 
product  with  either  substrate  and  cofactor,  this  raises  the  possibility  that  a 
quaternary  complex  may  be  generated  in  the  reaction  mixture.  The  quaternary 
complex  may  have  the  structure  such  as 
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